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<g) Process for preparing ferromagnetic material. 

(57) There is provided a process for preparing a 
ferromagnetic material, wherein at least 2 kinds 
of paramagnetic compounds capable of manif- 
esting a so-called mesophase between a solid 
phase and a liquid phase are mixed with each 
other in a liquid phase or mesophase state. 
Preferred paramagnetic compounds are com- 
pounds containing a paramagnetic metal com- 
plex moiety in the molecular skeleton thereof, 
and a preferred complex moiety is a porphyrin 
complex. Preferred metal nuclei are Cu, V, Co, 
Mo, Ag, and Fe. The planes of the molecules of 
each of the paramagnetic metal porphyrin com- 
plexes in a mesophase thereof are oriented in 
parallel with each other on a time-average. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a process for preparing a novel ferromagnetic material. 

Conventional ferromagnetic materials represented by ferrite have been metallic materials. In this connec- 
tion, however, research and development have recently been actively made of ferromagnetic materials made 
of an organic compound, an organometailic compound, an organometallic complex, or the like. 

In the development of such organic ferromagnetic materials, metal complexes having a radical(s) of an 
organic compound or a paramagnetic metal ion(s) [atom(s)] in the molecule thereof have been a primary target 
of research. 

Further, the development of such organic ferromagnetic materials has been based on a technology wherein 
an unpaired electron of a radical or a paramagnetic metal ion is controlled in a molecular arrangement based 
on the molecular structure thereof, or wherein a plurality of paramagnetic metal nuclei are arranged in one 
and the same molecule to develop a ferromagnetic interaction between spins. Specifically, in the development 
of organic ferromagnetic materials, a molecular structure-based methodology has been adopted, wherein a 
molecular structure is varied, or at least 2 radicals or paramagnetic metal nuclei are incorporated into one and 
the same molecule. 

In these methods, however, a difficulty has been encountered in arbitrarily controlling such a molecular 
arrangement or structure, while a mixing proportion is restricted in order to obtain a desired molecular arrange- 
ment or structure. Accordingly, even if the molecular arrangement and structure could be controlled, an opti- 
mum molecular arrangement in an aspect of ferromagnetic interaction cannot necessarily be materialized. 

A primary object of the present invention is to provide a process for preparing a novel ferromagnetic ma- 
terial. 

SUMMARY OF THE INVENTION 

In view of the foregoing problems of prior art, the inventors of the present invention have made intensive 
investigations to find out that, when at least 2 kinds of specific paramagnetic compounds are mixed with each 
other through utilization of the mutual miscibility thereof in a given state, the resulting mixture of the paramag- 
netic compounds manifests ferromagnetism. The present invention has been completed based on this finding. 

More specifically, in accordance with the present invention, there is provided a process for preparing a 
ferromagnetic material, comprising mixing at least 2 kinds of paramagnetic compounds capable of manifesting 
a meso phase with each other in a liquid phase to mesophase state thereof. 

The present invention will now be described in detail. 

The paramagnetic compounds that can be used in the present invention are not particularly limited in so 
far as they can manifest a mesophase under conditions involving a given temperature and a given pressure. 
The term "mesophase" as used in the present invention is a concept covering a liquid crystal, a plastic crystal, 
etc., as well as mixed states thereof. 

Preferred paramagnetic compounds are those including a paramagnetic metal complex in the molecular 
skeleton thereof, examples of which include those including in the molecule thereof a metal known as a para- 
magnetic metal nucleus such as Cu (II), V (IV), Co (II), Mo (V), Ag (II), or Fe (II) as a metal nucleus which co- 
ordinates with a diamagnetic ligand to form the skeleton of a metal complex, provided that the above-mentioned 
molecule usually has at least 4 long-chain alkyl moieties around the above-mentioned ligand in order to amplify 
manifestation of the mesophase. 

In this case, the above-mentioned ligand is usually desired to provide a cylindrical, discotic, sphaerosym- 
metrical molecular shape as a whole. Specific examples of the ligand include porphyrin derivatives, benzyli- 
deneimine derivatives, phthalocyanine derivatives, bipyridyl derivatives, dithiolene derivatives, (di)phenyldi- 
ketonate derivatives, and glyoxime derivatives. 

The mesophase that can be manifested by the aforementioned paramagnetic compounds may be of any 
type, examples of which include phases as can be seen in cylindrical liquid crystals including no common metal 
species, such as a nematic phase, a smectic phase, and a cholesteric phase; phases as can also be seen in 
common discotic liquid crystals, such as a discotic hexagonal phase, a discotic rectangular phase, and a dis- 
cotic lamellar phase; and plastic crystal phases as mesophases. 

Suitably usable examples of the paramagnetic compounds include 5,10,15,20-tetrakis(4-n-dodecylphe- 
nyl)porphinato copper (II), 5,10,15,20-tetrakis(4-n-dodecylphenyl)porphinato oxo vanadium (IV), and homolo- 
gous series of compounds thereto, etc. 

In the present invention, the paramagnetic compounds are mixed with each other in a liquid to mesophase 
state thereof. The use of the paramagnetic compounds in such a state enables mixing thereof to be suitably 
effected through utilization of the mutual miscibility thereof. 
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The combination of the paramagnetic compounds to be mixed with each other may be appropriately de- 
termined depending on the kinds of paramagnetic compounds that are desired to be used, desired properties 
of the resulting material, etc. Further, the mixing proportion of the paramagnetic compounds may also be ap- 
propriately determined depending on the kinds and number of paramagnetic compounds to be used, desired 
properties of the resulting material, etc. For example, where 5,10,15,20-tetrakis(4-n-dodecylphenyl)porphinato 
copper (II) is mixed with 5,10,15,20-tetrakis(4-n-dodecylphenyl)porphinato oxo vanadium (IV), an especially 
high ferromagnetism is manifested at a mixing proportion of the former of about 40 to about 60% as shown in 
the following Example 1. 

Further, if the molecular arrangement of the mixture in a mesophase state is optimum for the ferromagnetic 
function of the resulting material, one and the same state of molecular arrangement can be maintained sub- 
stantially at any mixing proportions, whereby the ferromagnetic interaction between paramagnetic metal ions 
can be easily manifested. 

There are many already-known liquid crystal compounds of metal complexes, which, however, include no 
examples wherein the above-mentioned metal complexes, when paramagnetic, serve to manifest ferromag- 

15 netism through utilization of the mutual miscibility thereof in a mesophase as in the present invention. On top 
of that, there have been known no examples wherein explication was made of the detailed mechanism of man- 
ifestation of ferromagnetism in a mixed system. Accord ingly, it has never been known that utilization of a mixed 
system as in the present invention enables manifestation of ferromagnetism. 

The process of the present invention is not aimed at preparing a ferromagnetic material with a single com- 

20 position like conventional ones, and hence does not make use of conventional crystalline organic radical or 
paramagnetic metal complexes not in the nature of exhibiting a liquid crystal phase or a mesophase. 

Specifically, use is made of the miscibility of mesophase-exhibiting compounds both or all in a liquid crystal 
phase or mesophase state to effect mixing of at least 2 kinds of mesophase-exhibiting paramagnetic metal 
complexes at an appropriate mixing proportion to thereby accomplish a homogeneous molecular orientation 

25 or arrangement in the resulting mixed system, whereby ferromagnetism can be manifested. Accordingly, the 
molecular arrangement of the mixed system in a liquid phase (mesophase) state can be made optimum for 
the ferromagnetic interaction. In this case, the compounds both having a liquid phase can both maintain one 
and the same phase (in other words, the same state of molecular arrangement) substantially at any mixing 
proportions to easily produce a ferromagnetic interaction between paramagnetic metal ions. 

30 As described hereinbefore, according to the process of the present invention, a ferromagnetic material can 

be comparatively easily obtained according to a methodology of mixing paramagnetic compounds utterly unlike 
the conventional methods. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a phase diagram of a binary system composed of C 12 TPPCu and C 12 TPPVO in Example 1 ac- 
cording to the present invention; 

Fig. 2 is a diagram showing the dependence of the magnetization of a ferromagnetic material prepared in 
Example on the magnetic field applied thereto; 
to Fig. 3 is a diagram showing the dependence of the magnetization of a ferromagnetic material prepared in 

Example on the magnetic field applied thereto; 

Fig. 4 is a diagram showing the dependence of the magnetization of a ferromagnetic material prepared in 
Example on the magnetic field applied thereto; 

Fig. 5 is a diagram showing the dependence of the magnetization of a ferromagnetic material prepared in 
45 Example on the magnetic field applied thereto; 

Fig. 6 is a diagram showing the dependence of the magnetization of a ferromagnetic material prepared in 
Example on the magnetic field applied thereto; and 

Fig. 7 is a diagram showing the dependence of the paramagnetic molar magnetization on the composition 
ratio in Example 1. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The following Examples will make the features of the present invention more clear. 
55 Example 1: 

5,10,15,20-tetrakis(4-n-dodecylphenyl)porphinato copper (II) and 5,10,1 5,20-tetrakis-(4-n-dodecylphe- 
nyl)porphinato oxo vanadium (IV), which are liquid crystals of paramagnetic metal complexes, both exhibit the 
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same discotic lamellar (DL) phase, which is a liquid crystal phase. Hereinafter, the former is referred to briefly 
as C 12 TPPCu and the latter is referred to briefly as C 12 TPPVO. The phase transition temperatures of both are 
shown in Table 1 . 



Table 1 

Compound Phase Transition Temperature (°C) 

Crystal DL ' Phase DL Phase Liquid 



C 12 TPPCu 27 45 183 

C 12 TPPYVO 21 65 153 

As is shown in Fig. 2, these liquid crystal paramagnetic metal complexes were miscible with each other 
in the whole range of mixing proportion (concentration). 

Figs. 2 to 6 show the results of examination of the characteristics of the dependence of each phase on 
the magnetic field applied thereto for a mixed system having a C 12 TPPCu:C 12 TPPVO mixing ratio of 50:50, 
i.e., a mixing proportion of the copper complex of 50%. More specifically, Fig. 2 shows the results of meas- 
urement in the case of the DL phase, Fig. 3 in the case of the DL' phase, and Figs. 4 to 6 in the case of the 
crystal phase. 

The results shown in Figs. 2 to 5 demonstrate that ferromagnetism is exhibited in the temperature range 
of 200 to 350 K. Additionally stated, these figures all show a curve having a maximum value in the range of 
1 ,000 to 2,000 gausses. This is attributed to the fact that each of the molecules of C 12 TPPCu and C 12 TPPVO 
is constituted of a moiety having paramagnetic properties (metal complex moiety) and a moiety having dia- 
magnetic properties (substituent moiety). 

On the other hand, Fig. 6 shows the results of measurement of the paramagnetic molar magnetization of 
the above-mentioned mixed system at a temperature of 5 K, demonstrating that the above-mentioned ferro- 
magnetism is lost at extremely low temperatures. 

Fig. 7 shows the relationships between the paramagnetic molar magnetization and the mixing proportion 
which relationship were obtained by plotting with the temperature as a parameter. This figure demonstrates 
that the paramagnetic molar magnetization of the mixed system composed of C 12 TPPCu and C 12 TPPVO is 
prominently increased when the mixing proportion of the copper complex is in the range of 40 to 60%. 



Claims 

40 

1 . A process for preparing a ferromagnetic material, comprising mixing at least 2 kinds of paramagnetic com- 
pounds capable of manifesting a mesophase with each other in a liquid phase to mesophase state thereof. 

2. A process as claimed in claim 1 , wherein said paramagnetic compounds each have a paramagnetic metal 
45 complex moiety in the molecular skeleton thereof. 

3. A process as claimed in claim 2, wherein said paramagnetic metal complex moiety is a paramagnetic metal 
porphyrin complex. 

so 4. A process as claimed in claim 2 or 3, wherein Cu, V, Co, Mo, Ag, or Fe is contained as a metal nucleus 
in the molecule. 

5. A process as claimed in claim 2 or 3, wherein the planes of the molecules of said paramagnetic metal 
porphyrin complex in a mesophase thereof are oriented in parallel with each other on a time-average. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 
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Fig. 7 
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